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FIG. 1 (RELATED ART)
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DUTY CYCLE CORRECTOR PREVENTING
EXCESSIVE DUTY CYCLE CORRECTION IN
LOW-FREQUENCY DOMAIN

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2009-0018459 filed on Mar. 4, 2009, the sub-
ject matter of which 1s hereby incorporated by reference.

BACKGROUND

The mventive concept relates to semiconductor integrated
circuits (ICs), and more particularly, to a duty cycle corrector
incorporated within an IC capable of correcting a signal duty
cycle.

A delay locked loop (DLL) circuit is commonly included in
certain semiconductor memory devices, such as the synchro-
nous dynamic random access memory (SDRAM), which
operate synchronously with a reference clock signal. The
DLL circuitis capable of a very high degree of integration and
may therefore be included within contemporary synchronous
memory devices. In general operation, the DLL circuit
receives an external clock signal and generates an internal
clock signal by delaying the external clock signal for a pre-
determined delay period. The internal clock signal may then
be used as a clock signal by various circuits within the
memory device.

The DLL circuit may be variously designed and certain
designs include a duty cycle corrector configured to correct
the duty cycle of a signal. Duty cycle correctors maintain the
duty cycle of an output signal at a fixed ratio of (e.g.,) 3:5.

Without a duty cycle corrector, the DLL circuit may gen-
crate the internal clock signal at a duty cycle other than the
prescribed ratio. If this happens, an associated transier win-
dow (1.e., a defined period of time during which data/address/
control signals are transierred) may become impaired and
create the risk of errant signal transters. For example, mput/
output data may not be accurately latched or transferred
to/from the memory device. Thus, duty cycle correction 1s
performed 1n order to adjust the duty cycle of a clock signal,
such that it remains at a defined ratio (e.g., 5:5). Thus, the
operating range of and output characteristics of the duty cycle
corrector are influenced by a difference between the duty
cycle of a clock signal that 1s mnitially applied to the duty cycle
corrector (e.g. an output signal received from the DL L circuit)
and a target value.

Of additional note, excessive duty cycle correction may
deteriorate the output signal characteristics of the duty cycle
corrector. Excessive duty cycle correction 1s likely to occur
when duty cycle correction 1s performed within a low fre-
quency domain.

In general, the duty cycle corrector includes a duty cycle
correction amplifier configured to amplify an input clock
signal. The duty cycle corrector adjusts the duty cycle of the
input clock signal by changing the common mode of the duty
cycle correction amplifier using a duty control signal.
Accordingly, the range of the common mode 1s determined by
the duty cycle of an mnitially applied input clock signal.

Figure (FI1G.) 11s a timing diagram 1llustrating a method of
correcting the duty cycle of a high frequency 1nput clock
signal and corresponding variation in the common mode.
FIG. 2 1s a timing diagram 1llustrating a conventional method
of correcting the duty cycle of a low frequency input clock
signal and a corresponding variation in the common mode.
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As 1llustrated 1n FIGS. 1 and 2, duty cycle correction 1s
performed by varying the common mode of an input clock
signal ICLK and the common mode of a complementary
input clock signal ICLKB 1n opposite directions. In this case,
when a variation A 1n the common mode 1ncreases exces-
stvely, the output clock signal OCLK may become distorted.

In particular, when the 1nput clock signal ICLK 1s a rela-
tively low frequency signal, the extent to which the duty cycle
of the input clock signal ICLK needs to be adjusted 1s greater
than when the mnput clock signal ICLK 1s a high frequency
signal. Thus, as 1llustrated 1n FIG. 2, 1f duty cycle correction
1s continuously performed on a low frequency the input clock
signal ICLK (1.e., a clock signal susceptible to excessive duty
cycle correction), then the variation A 1n the common mode
increases greatly and causes distortion in the output clock
signal OCLK. In extreme 1nstances, the output clock OCLK
distortion may result in the loss of output clock signal OCLK
pulses.

SUMMARY

The inventive concept provides a duty cycle corrector
capable of preventing excessive duty cycle correction when
an iput clock signal 1s a low frequency signal.

According to an aspect of the inventive concept, there 1s
provided a duty cycle corrector including a duty cycle cor-
rection amplifier that amplifies an input clock signal and a
complementary input clock signal, a low frequency detector
that detects whether frequency of the input clock signal 1s less
than a predetermined frequency, a control circuit that receives
a duty control signal and a complementary duty control sig-
nal, outputs the duty control signal and the complementary
duty control signal when the low frequency detector detects
that the frequency of the mput clock signal 1s greater than the
predetermined frequency, and blocks the duty control signal
and the complementary duty control signal when the low
frequency detector detects that the frequency of the mput
clock signal 1s less than the predetermined frequency; and a
common mode control circuit that adjusts duty cycles of the
input clock signal and the complementary input clock signal
by changing a common mode of the duty cycle correction
amplifier, 1n response to the duty control signal and the
complementary duty control signal recerved from the control
circuit.

If the low frequency detector detects that the frequency of
the input clock signal 1s greater than the predetermined fre-
quency, the common mode control circuit adjusts the duty
cycles of the input clock signal and the complementary 1input
clock signal by changing the common mode of the duty cycle
correction amplifier, inresponse to the duty control signal and
the complementary duty control signal recerved from the
control signal. If the low frequency detector detects that the
frequency of the mput clock signal 1s less than the predeter-
mined frequency, the common mode control circuit 1s dis-
abled.

The common mode control circuit may include a main
common mode control circuit that adjusts the duty cycles of
the mput clock signal and the complementary mput clock
signal by changing the common mode of the duty cycle cor-
rection amplifier, the duty control signal and the complemen-
tary duty control signal being directly supplied to the main
common mode control circuit; and an auxiliary common
mode control circuit that additionally changes the common
mode of the duty cycle correction amplifier, in response to the
duty control signal and the complementary duty control sig-
nal recerved from the control circuit.
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If the low frequency detector detects that the frequency of
the input clock signal 1s greater than the predetermined fre-

quency, the auxiliary common mode control circuit addition-
ally changes the common mode of the duty cycle correction
amplifier, 1n response to the duty control signal and the
complementary duty control signal received from the control
circuit. If the low frequency detector detects that the fre-
quency of the input clock signal 1s less than the predetermined
frequency, the auxiliary common mode control circuit 1s dis-
abled.

According to another aspect of the inventive concept, there
1s provided a duty cycle corrector for use in a semiconductor
memory device, the duty cycle corrector including a duty
cycle correction amplifier that amplifies an input clock signal
and a complementary mput clock signal, a column address
strobe (CAS) latency determination unit that determines
whether a CAS latency of the semiconductor memory device
1s greater than or less than a predetermined value; a control
circuit that receives a duty control signal and a complemen-
tary duty control signal, outputs the duty control signal and
the complementary duty control signal when the CAS latency
determination unit determines that the CAS latency 1s greater
than the predetermined value, and blocks the duty control
signal and the complementary duty control signal when the
CAS latency determination unit determines that the CAS
latency 1s less than the predetermined value; and a common
mode control circuit that adjusts duty cycles of the input clock
signal and the complementary input clock signal by changing
a common mode of the duty cycle correction amplifier, 1n
response to the duty control signal and the complementary
duty control signal recerved from the control circuit.

If the CAS latency determination unit determines that the
CAS latency 1s greater than the predetermined value, the
common mode control circuit adjusts the duty cycles of the
input clock signal and the complementary input clock signal
by changing the common mode of the duty cycle correction
amplifier, 1n response to the duty control signal and the
complementary duty control signal recerved from the control
signal. If the CAS latency determination unit determines that
the CAS latency 1s less than the predetermined value, the
common mode control circuit 1s disabled.

The common mode control circuit may include a main
common mode control circuit that adjusts the duty cycles of
the 1nput clock signal and the complementary mput clock
signal by changing the common mode of the duty cycle cor-
rection amplifier, the duty control signal and the complemen-
tary duty control signal being directly supplied to the main
common mode control circuit; and an auxiliary common
mode control circuit that additionally changes the common
mode of the duty cycle correction amplifier, 1n response to the
duty control signal and the complementary duty control sig-
nal recerved from the control circuit.

If the CAS latency determination unit determines that the
CAS latency 1s greater than the predetermined value, the
auxiliary common mode control circuit additionally changes
the common mode of the duty cycle correction amplifier, in
response to the duty control signal and the complementary
duty control signal recerved from the control circuit.

If the CAS latency determination unit determines that the
CAS latency 1s less than the predetermined value, the auxil-
1ary common mode control circuit 1s disabled.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the inventive concept will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings in which:
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FIG. 1 1s a timing diagram illustrating a conventional
approach to correcting the duty cycle of a high frequency

input clock signal and variation in common mode;

FIG. 2 1s a timing diagram illustrating a conventional
approach to correcting the duty cycle of a low frequency 1input
clock signal and variation 1n common mode

FIG. 3 1s a circuit diagram of a duty cycle corrector accord-
ing to an embodiment of the inventive concept;

FIG. 4 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the inventive concept;

FIG. 5 1s a circuit diagram further illustrating the low
frequency detector of FIGS. 3 and 4 according to an embodi-
ment of the mventive concept;

FIG. 6 1s a signal wavetform diagram related to the opera-
tion of the low frequency detector 1llustrated in FIG. 5 accord-
ing to an embodiment of the inventive concept;

FIG. 7 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the inventive concept;

FIG. 8 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the inventive concept;

FIG. 9 15 a circuit diagram further 1llustrating the column
address strobe (CAS) latency determination unit of FIGS. 7
and 8 according to an embodiment of the inventive concept;

FIG. 10 1s a circuit diagram of a duty cycle corrector
according to another embodiment of the mventive concept;
and

FIG. 11 1s a circuit diagram of a duty cycle corrector
according to another embodiment of the inventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Hereiaiter, embodiments of the imventive concept will be
described in some additional detail with reference to the
accompanying drawings. Through out the written description
and drawings, like reference numerals denote like or similar
clements.

FIG. 3 1s a circuit diagram of a duty cycle corrector accord-
ing to an embodiment of the inventive concept. Referring to
FIG. 3, the duty cycle corrector comprises a duty cycle cor-
rection amplifier 31 and a common mode control circuit 33.
The duty cycle corrector also comprises a low frequency
detector 35 and a control circuit 37 which operatively prevent
excessive duty cycle correction when an 1nput clock signal
ICLK 1s a low frequency signal.

The duty cycle correction amplifier 31 amplifies the input
clock signal ICLK and a complementary input clock signal
ICLKB, and outputs an output clock signal OCLK and a
complementary output clock signal OCLKB.

The low frequency detector 35 detects whether the fre-
quency of the input clock signal ICLK 1s less than a prede-
termined frequency. The control circuit 37 recerves a duty
control signal DCC and a complementary duty control signal
DCCB, and respectively outputs the duty control signal DCC
and the complementary duty control signal DCCB as first and
second output signals CO30 and CO31 when the frequency
detector 35 detects that the frequency of the input clock signal
ICLK 1s greater than the predetermined frequency. If the
frequency detector 35 detects that the frequency of the mput
clock signal ICLK 1s less than the predetermined frequency,
the control circuit 37 blocks the duty control signal DCC and
the complementary duty control signal DCCB, and outputs a
ground voltage VSS as the first and second output signals
CO30 and CO31.

The common mode control circuit 33 adjusts the duty
cycles of the input clock signal ICLK and the complementary
input clock signal ICLKB by changing a common mode of the
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duty cycle correction amplifier 31, in response to the first and
second output signals CO30 and CO31 recerved from the
control circuit 37.

In detail, when the frequency detector 35 detects that the
frequency of the mput clock signal ICLK 1s greater than the
predetermined frequency, the common mode control circuit
33 adjusts the duty cycles of the input clock signal ICLK and
the complementary mput clock signal ICLKB by changing
the common mode of the duty cycle correction amplifier 31,
in response to the duty control signal DCC and the comple-
mentary duty control signal DCCB received as the first and
second output signals CO30 and CO31 from the control cir-
cuit 37. Then, the output clock signal OCLK and the comple-
mentary output clock signal OCLKB, the duty cycles of
which are corrected are output from the duty cycle correction
amplifier 31.

When the frequency detector 35 detects that the frequency
of the mput clock signal ICLK 1s less than the predetermined
frequency, the common mode control circuit 33 1s disabled 1n
response to the ground voltage VSS received as the first and
second output signals CO30 and CO31 from the control cir-
cuit 37. Thus, when the frequency of the input clock signal
ICLK 1s less than the predetermined frequency, duty cycle
operating current 1s blocked, thereby preventing duty cycle
correction from being performed.

That 1s, 1f the frequency of the input clock signal ICLK 1s
relatively low, the common mode control circuit 33 may be
elfectively disabled to prevent variation A 1n the common
mode from excessively increasing in great contrast to the
conventional outcome described in relation to FIG. 2 to
thereby prevent excessive duty cycle correction. Accordingly,
it 1s possible to prevent the output clock signal OCLK from
becoming distorted and dropping output clock signal OCLK
pulses.

In the illustrated embodiment of FIG. 3, the duty cycle
correction amplifier 31 1s a general differential amplification
circuit, and includes PMOS load transistors P30 and P31,
NMOS 1nput transistors N30 and N31, and an NMOS bias
current control transistor N32. The output clock signal OCLK
1s output {from a node at which the PMOS load transistor P31
and the NMOS 1nput transistor N31 are connected to each
other. The complementary output clock signal OCLKB 1s
output from a node at which the PMOS load transistor P30
and the NMOS 1nput transistor N30 are connected to each
other.

The common mode control circuit 33 includes a first
NMOS control transistor N33, a second NMOS control tran-
sistor N34, and an NMOS bias transistor N35. The first
NMOS control transistor N33 has one end connected to an
inverted output node O30 of the duty cycle correction ampli-
fier 31, the other end connected to a common node C31, and
a gate to which the first output signal CO30 1s supplied from
the control circuit 37. The second NMOS control transistor
N34 has one end connected to an output node O31 of the duty
cycle correction amplifier 31, the other end connected to the
common node C31, and a gate to which the second output
signal CO31 1s supplied from the control circuit 37. The
NMOS bias transistor N35 has one end connected to the
common node C31, the other end connected to a source of
ground voltage VSS, and a gate to which bias voltage VBIAS
1s applied.

In the 1llustrated embodiment of FIG. 3, the control circuit
37 comprises an 1verter 130, a first switch S30, a second
switch S31, a third switch 832, a first OR gate OR30, and a
second OR gate OR31. The mverter 130 nverts an output
signal of the low frequency detector 35 and outputs the
inverted signal. The first switch S30 and the second switch
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S31 are turned ON/OFF 1n response to the output signal of the
low frequency detector 35. The third switch S32 1s turned
ON/OFF 1n response to an output signal of the inverter 130.
If the frequency of the input clock signal ICLK 1s greater
than the predetermined frequency, the output signal of the low

frequency detector 35 1s 1n a first logic state (e.g., a logical
“high”), thereby turning ON the first switch S30 and the

second switch S31 and turning OFF the thurd switch S32.
Thus, the duty control signal DCC 1s output as an output
signal of the first OR gate OR30, that 1s, the first output signal
CO30 output from the control circuit 37, and the complemen-
tary duty control signal DCCB 1s output as an output signal of
the second OR gate OR31, 1.¢., the second output signal CO31
output from the control circuit 37.

If the frequency of the 1input clock signal ICLK 1s less than
the predetermined frequency, the output signal of the low
frequency detector 35 1s 1n a second logic state (e.g., a logical
“low™), thereby turning OFF the first switch S30 and the
second switch S31 and turning ON the third switch S32. Thus,
the ground voltage VSS 1s output as the output signal of the
first OR gate OR30, 1.¢., the first output signal CO30 output
from the control circuit 37, and the ground voltage VSS 1s
output as the output signal of the second OR gate OR31, 1.e.,
the second output signal CO31 output from the control circuit
37.

FIG. 4 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the inventive concept. Refer-
ring to F1G. 4, the duty cycle corrector comprises a duty cycle
correction amplifier 31, a common mode control circuit 43, a
low frequency detector 35, and a control circuit 37.

The duty cycle correction amplifier 31, the low frequency
detector 35, and the control circuit 37 illustrated in FIG. 4 are
substantially the same as the duty cycle correction amplifier
31, the low frequency detector 335, and the control circuit 37
described in relation to FIG. 3, and thus, a detailed description
will not be repeated.

Referring to FIG. 4, the implementation of the common
mode control circuit 43 1s different from the common mode
control circuit 33 of FI1G. 3. The common mode control circuit
43 includes a main common mode control circuit 431 and an
auxiliary common mode control circuit 432. The main com-
mon mode control circuit 431 adjusts the duty cycles of an
input clock signal ICLK and a complementary input clock
signal ICLKB by changing a common mode of the duty cycle
correction amplifier 31, in response to a duty control signal
DCC and a complementary duty control signal DCCB that are
directly supplied to the common mode control circuit 43. The
auxiliary common mode control circuit 432 additionally
changes the common mode of the duty cycle correction
amplifier 31, 1n response to output signals CO30 and CO31
received from control circuit 37

As described above, when the low frequency detector 35
detects that the frequency of the mput clock signal ICLK 1s
greater than a predetermined frequency, a duty control signal
DCC and a complementary duty control signal DCCB are
output as the first and second output signals CO30 and CO31
from the control circuit 37. Thus, 1n this case, the auxihary
common mode control circuit 432 additionally changes the
common mode of the duty cycle correction amplifier 31, 1n
response to the duty control signal DCC and the complemen-
tary duty control signal DCCB that are respectively output as
the first and second output signals CO30 and CO31 from the
control circuit 37.

However, when the low frequency detector 35 detects that
the frequency of the input clock signal ICLK 1s less than the
predetermined frequency, a ground voltage VSS 1s output as
the first and second output signals CO30 and CO31 from the
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control circuit 37. Thus, 1n this case, the auxiliary common
mode control circuit 432 1s disabled.

In other words, when the frequency of the mput clock
signal ICLK 1s greater than the predetermined frequency,
both the main common mode control circuit 431 and the
auxiliary common mode control circuit 432 change the com-
mon mode of the duty cycle correction amplifier 31. However,
when the frequency of the input clock signal ICLK 1s less than
the predetermined frequency, the auxiliary common mode
control circuit 432 1s disabled, and thus, only the main com-
mon mode control circuit 431 changes the common mode of
the duty cycle correction amplifier 31.

That 1s, when the frequency of the input clock signal ICLK
1s relatively low, the auxiliary common mode control circuit
432 1s disabled to prevent variation A 1n the common mode
from excessively increasing i1n contrast to the outcome
described 1n relation to FIG. 2 to thereby prevent excessive
duty cycle correction. Accordingly, 1t 1s possible to prevent
the output clock signal OCLK from becoming distorted and
dropping output clock signal OCLK pulses.

The main common mode control circuit 431 includes an
NMOS control transistor N43, an NMOS control transistor
N44, and an NMOS bias transistor N45. The NMOS control
transistor N43 has one end connected to an 1verted output
node O30 of the duty cycle correction amplifier 31, the other
end connected to a common node C41, and a gate to which the
duty control signal DCC 1s directly applied. The NMOS con-
trol transistor N44 has one end connected to an output node
031 of the duty cycle correction amplifier 31, the other end
connected to the common node C41, and a gate to which the
complementary duty control signal DCCB 1s directly applied.
The NMOS bias transistor N43 has one end connected to the
common node C41, the other end connected to a source of
ground voltage VSS, and a gate to which a bias voltage
VBIAS 1s applied.

The auxiliary common mode control circuit 432 includes
an NMOS control transistor N46 and an NMOS control tran-
sistor N47. The NMOS control transistor N46 includes one
end connected to the mverted output node O30 of the duty
cycle correction amplifier 31, the other end connected to the
common node C41, and a gate to which the first output signal
CO30 1s supplied from the control circuit 37. The NMOS
control transistor N47 includes one end connected to the
output node O31 of the duty cycle correction amplifier 31, the
other end connected to the common node C41, and a gate to
which the second output signal CO31 1s supplied from the
control circuit 37.

FIG. 5 1s a circuit diagram further illustrating the low
frequency detector 35 of FIG. 3 or 4 according to one possible
embodiment of the inventive concept. FI1G. 6 1s a signal wave-
form diagram further illustrating the operation of the low
frequency detector 35 of FIG. 3 according to an embodiment
of the mventive concept.

Referring to FIG. 5, the low frequency detector 35 com-
prises NMOS transier transistors NS0, N31, and N52, adelay
circuit 51, latches 53 and 55, inverters I50 and 151, and an
NMOS pull-down transistor N53.

In FIG. 6, the time period ‘T’ denotes a delay time applied
by the delay circuit 51, signal ‘A’ denotes an output signal of
the delay circuit 51, signal ‘B’ denotes an output signal of the
latch 53, and s1ignal ‘OUT” denotes a final output signal of the
low frequency detector 35.

When the frequency of an mput clock signal ICLK 1s
relatively low (e.g., when half a cycle of the input clock signal
ICLK 1s greater than the delay time T 1n the delay circuit 51)
the final output signal OUT of the low frequency detector 35
goes low. When the frequency of the input clock signal ICLK
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1s relatively high (e.g., when half a cycle of the mnput clock
signal ICLK 1s less than the delay time T 1n the delay circuit
51) the final output signal OUT of the low frequency detector
35 goes high.

FIG. 7 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the iventive concept. Appli-
cation of the duty cycle corrector of FIG. 7 1s illustrated 1n
relation to a synchronous semiconductor memory device,
(e.g., synchronous DRAM) providing a defined column
address strobe (CAS) latency.

Referring to FIG. 7, the duty cycle corrector comprises a
duty cycle correction amplifier 31, a common mode control
circuit 33, a CAS latency determination unit 75, and a control
circuit 37.

The duty cycle correction amplifier 31, the common mode
control circuit 33, and the control circuit 37 illustrated 1n FIG.
7 are substantially the same as the duty cycle correction
amplifier 31, the common mode control circuit 33, and the
control circuit 37 of FIG. 3, and thus a detailed description
will not be repeated here.

However, the CAS latency determination unit 75 deter-
mines whether a CAS latency CL1-CLn of the synchronous
semiconductor memory device 1s greater than or less than a
predetermined value. The CAS latency CL1-CLn 1s a value
defined with respect to the incorporating synchronous semi-
conductor memory device. That the CAS latency CL1-CLn 1s
large means that the frequency of an 1input clock signal ICLK
supplied outside the semiconductor memory device 1s high.
That the CAS latency CL1-CLn 1s small means that the fre-
quency of the input clock signal ICLK supplied outside the
semiconductor memory device 1s low.

The control circuit 37 receives a duty control signal DCC
and a complementary duty control signal DCCB, and respec-
tively outputs the duty control signal DCC and the comple-
mentary duty control signal DCCB as first and second output
signals CO30 and CO31 when the CAS latency determination
unit 75 determines that the CAS latency CL1-CLn 1s greater
than the predetermined value. When the CAS latency deter-
mination unit 75 determines that the CAS latency CL1-CLn1s
less than the predetermined value, the control circuit 37
blocks the duty control signal DCC and the complementary
duty control signal DCCB, and outputs a ground voltage VSS
as the first and second output signals CO30 and CO31.

The common mode control circuit 33 adjusts the duty
cycles of an mput clock signal ICLK and a complementary
input clock signal ICLKB by changing a common mode of the
duty cycle correction amplifier 31, 1n response to the first and
second output signals CO30 and CO31 received from the
control circuit 37.

In detail, 1f the CAS latency determination unit 75 deter-
mines that the CAS latency CL1-CLn 1s greater than the
predetermined value, the common mode control circuit 33
adjusts the duty cycles of the input clock signal ICLK and the
complementary mput clock signal ICLKB by changing the
common mode of the duty cycle correction amplifier 31, 1n
response to the duty control signal DCC and complementary
duty control signal DCCB received as the first and second
output signals CO30 and CO31 from the from control circuit
377. Then, an output clock signal OCLK and a complementary
output clock signal OCLKB, the duty cycles are corrected are
output from the duty cycle correction amplifier 31.

If the CAS latency determination unit 75 determines that
the CAS latency CL1-CLn 1s less than the predetermined
value, the common mode control circuit 33 1s disabled, 1n
response to the ground voltage VSS received as the first and
second output signals CO30 and CO31 from the control cir-

cuit 37. Thus, when the CAS latency CL1-CLn 1s less than the
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predetermined value, duty cycle operating current 1s blocked,
thereby preventing duty cycle correction from being per-
formed.

That 1s, when the CAS latency CL1-CLn 1s less than the
predetermined value, the common mode control circuit 33 1s
disabled to prevent variation A 1n common mode from exces-
stvely increasing 1n contrast to the outcome described above
with reference to FIG. 2, thereby preventing excess duty cycle
correction. Accordingly, 1t 1s possible to prevent the output
clock signal OCLK from becoming extremely distorted and
dropping output clock signal OCLK pulses.

FI1G. 8 1s a circuit diagram of a duty cycle corrector accord-
ing to another embodiment of the inventive concept. Appli-
cation of the duty cycle corrector of FIG. 8 1s again illustrated
in relation to an assumed synchronous semiconductor
memory device, (e.g., a synchronous DRAM) provided a
defined CAS latency.

Referring to FIG. 8, the duty cycle corrector comprises a
duty cycle correction amplifier 31, a common mode control
circuit 43, a CAS latency determination unit 75, and a control
circuit 37.

The duty cycle correction amplifier 31, the CAS latency
determination unit 75, and the control circuit 37 1llustrated in
FIG. 8 are substantially the same as the duty cycle correction
amplifier 31, the CAS latency determination unit 75, and the
control circuit 37 of FI1G. 7. The common mode control circuit
43 of FIG. 8 1s substantially the same as the common mode
control circuit43 of FIG. 4. Thus, a detailed description of the
duty cycle correction amplifier 31, the CAS latency determi-
nation unit 75, the control circuit 37, and the common mode
control circuit 43 will not be repeated here.

As described above, 11 the CAS latency determination unit
75 determines that a CAS latency CL1-CLn of the synchro-
nous semiconductor memory device 1s greater than a prede-
termined value, the control circuit 37 respectively outputs a
duty control signal DCC and a complementary duty control
signal DCCB as first and second output signals CO30 and
CO31. In this case, an auxiliary common mode control circuit
432 additionally changes the common mode of the duty cycle
correction amplifier 31, 1n response to the duty control signal
DCC and the complementary duty control signal DCCB
received as the first and second output signals CO30 and
CO31 from the control circuit 37.

However, if the CAS latency determination unit 75 deter-
mines that the CAS latency CL1-CLn 1s less than the prede-
termined value, the control circuit 37 outputs a ground volt-
age VSS as the first and second output signals CO30 and
CO31. In this case, the auxiliary common mode control cir-
cuit 432 1s disabled.

In other words, 1f the CAS latency CL1-CLn 1s greater than
the predetermined value, both the main common mode con-
trol circuit 431 and the auxiliary common mode control cir-
cuit 432 changes the common mode of the duty cycle correc-
tion amplifier 31. However, 1f the CAS latency CL1-CLn 1s
less than the predetermined value, the auxiliary common
mode control circuit 432 1s disabled, and thus, only the main
common mode control circuit 431 changes the common mode
ol the duty cycle correction amplifier 31.

That 1s, when the CAS latency CL1-CLn 1s less than the
predetermined value, the auxiliary common mode control
circuit 432 1s disabled to prevent variation A in common mode
from excessively increasing, thereby preventing excessive
duty cycle correction. As a result, 1t 1s possible to prevent an
output clock signal OCLK from becoming excessively dis-
torted and dropping output clock signal OCLK pulses.

FI1G. 9 15 a circuit diagram of the CAS latency determina-
tion umt 75 illustrated mm FIGS. 7 and 8 according to an
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embodiment of the inventive concept. Referring to FIG. 9, the
CAS latency determination unit 75 comprises a first OR gate

OR90, a second OR gate OR91, a first NMOS transier tran-
sistor N90, and a second NMOS transfer transistor N91. The
first OR gate OR90 receives high-CAS latency signals, e.g.,
CAS latency signals CL8-CLn. The second OR gate OR91
receives low-CAS latency signals, e.g., CAS latency signals
CL1-CL7. The first NMOS transfer transistor N90 has one
end connected to a source of power supply voltage VDD, the
other end connected to an output terminal OUT, and a gate to
which an output signal of the first OR gate OR90 1s supplied.
The second NMOS transfer transistor N91 has one end con-
nected to a source of ground voltage VDD, the other end
connected to the output terminal OUT, and a gate to which an
output signal of the second OR gate OR91 1s supplied.

Each of the CAS latency signals CLL1-CL7, and CL8-CLn
1s activated high according to a CAS latency corresponding
thereto. For example, when the CAS latency 1s equal to or
greater than 8, one of the CAS latency signals CL8-CLn 1s
activated high, and thus, the output signal of the first OR gate
OR90 goes high. Then, the first NMOS transfer transistor
N90 1s turned ON, and a signal output from the output termi-
nal OUT of the CAS latency determination unit 73 receives a
voltage equal to the power supply voltage VDD (i.e., the
output signal goes high). When the CAS latency 1s less than 8
(or 1s less than or equal to 7), one of the CAS latency signals
CL1-CL7 1s activated high, and thus, the output signal of the
second OR gate OR91 goes high. Accordingly, the second
NMOS transfer transistor N91 1s turned ON, and the signal
output from the output terminal OUT of the CAS latency
determination unit 75 recerves a voltage equal to the ground
voltage VSS, (1.e., the output signal goes low).

FIG. 10 1s a circuit diagram of a duty cycle corrector
according to another embodiment of the mventive concept.
Referring to FIG. 10, the duty cycle corrector comprises a
duty cycle correction amplifier 31, a common mode control
circuit 33, a control circuit 37, a low frequency detector 35, a
CAS latency determination unit 75, a mode register set
(MRS) 105, and a selector 107.

The duty cycle correction amplifier 31, the common mode
control circuit 33, the control circuit 37, and the low fre-
quency detector 35 1llustrated 1n FIG. 10 are substantially the
same as the duty cycle correction amplifier 31, the common
mode control circuit 33, the control circuit 37, and the low
frequency detector 35 illustrated 1n FIG. 3. The CAS latency
determination unit 75 illustrated 1n FIG. 10 1s substantially
the same as the CAS latency determination unit 73 1llustrated
in FIG. 7. Thus, a detailed description of the duty cycle
correction amplifier 31, the common mode control circuit 33,
the control circuit 37, the low frequency detector 35, and the
he CAS latency determination unit 75 will not be repeated
here.

The MRS 105 1s included 1n the semiconductor memory
device, such as synchronous DRAM, and may be set by a user
in order to control the internal operations of the semiconduc-
tor memory device. The selector 107 selects the low 1re-
quency detector 35 or the CAS latency determination unit 75,
in response to an output signal of the MRS 105.

For example, when the MRS 105 i1s set to have a first logic
value, the selector 107 selects an output signal of the low
frequency detector 35 and supplies it to the control circuit 37.
When the MRS 105 1s set to have a second logic value, the
selector 107 selects an output signal of the CAS latency
determination unit 75 and supplies 1t to the control circuit 37.
That 1s, a user may select the low frequency detector 35 or the
CAS latency determination unit 73 by using the MRS 105.
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If the low frequency detector 35 1s selected, the duty cycle
corrector of FIG. 10 operates similar to the duty cycle cor-
rector of FIG. 3. If the CAS latency determination unit 75 1s
selected, the duty cycle corrector of FIG. 10 operates similar
to the duty cycle corrector of FIG. 7. Thus, the operation of
the duty cycle corrector of FI1G. 10 will not be described here.

FIG. 11 1s a circuit diagram of a duty cycle corrector
according to another embodiment of the mventive concept.
Reterring to FI1G. 11, the duty cycle corrector includes a duty
cycle correction amplifier 31, a common mode control circuit
43, a control circuit 37, a low frequency detector 35, a CAS
latency determination unit 75, an MRS 1035, and a selector
107.

The elements of FIG. 11 are the same as those of FIG. 10
except for the common mode control circuit 43. The common
mode control circuit 43 of FI1G. 11 1s the same as the common
mode control circuit 43 of FIG. 4. Thus, these elements of
FIG. 11 will be not described here.

A user may selectthe low frequency detector 35 orthe CAS
latency determination unit 75 by using the MRS 185.

If the low frequency detector 35 1s selected, the duty cycle
corrector of FIG. 11 operates similar to the duty cycle cor-
rector of FIG. 4. If the CAS latency determination unit 75 1s
selected, the duty cycle corrector of FIG. 11 operates similar
to the duty cycle corrector of FI1G. 8. Thus, a detailed descrip-
tion of the duty cycle corrector of FIG. 11 will not be provided
here.

While the iventive concept has been particularly shown
and described with reference to embodiments thereot, 1t will
be understood that various changes 1n form and details may be
made therein without departing from the scope of the follow-
ing claims.

What 1s claimed 1s:

1. A duty cycle corrector comprising:

a duty cycle correction amplifier configured to amplily an
iput clock signal and a complementary mput clock
signal;

a low frequency detector configured to detect whether the
iput clock signal has a frequency greater than or less
than a predetermined frequency;

a control circuit configured to recetve a duty control signal
and a complementary duty control signal, output the
duty control signal and the complementary duty control
signal when the low frequency detector detects that the
iput clock signal frequency 1s greater than the prede-
termined frequency, and block the duty control signal
and the complementary duty control signal when the low

frequency detector detects that the input clock signal
frequency 1s less than the predetermined frequency; and

a common mode control circuit configured to adjust duty
cycles of the input clock signal and the complementary
input clock signal by changing a common mode of the
duty cycle correction amplifier in response to the duty
control signal and the complementary duty control sig-
nal.

2. The duty cycle corrector of claim 1, wherein upon
detecting that mnput clock signal frequency 1s greater than the
predetermined frequency, the common mode control circuit 1s
turther configured to adjust the duty cycles of the mput clock
signal and the complementary input clock signal by changing
the common mode of the duty cycle correction amplifier in
response to the duty control signal and the complementary
duty control signal.

3. The duty cycle corrector of claim 1, wherein the com-
mon mode control circuit 1s further configured to be disabled
when the low frequency detector detects that the iput clock
signal frequency 1s less than the predetermined frequency.
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4. The duty cycle corrector of claim 1, wherein the com-
mon mode control circuit comprises:

a main common mode control circuit configured to adjust
the duty cycles of the mput clock signal and the comple-
mentary mput clock signal by changing the common
mode of the duty cycle correction amplifier, wherein the
duty control signal and the complementary duty control
signal are directly supplied to the main common mode
control circuit; and

an auxiliary common mode control circuit configured to
additionally change the common mode of the duty cycle
correction amplifier 1n response to the duty control sig-
nal and the complementary duty control signal.

5. The duty cycle corrector of claim 4, wherein upon
detecting that the input clock signal frequency 1s greater than
the predetermined frequency, the auxiliary common mode
control circuit 1s further configured to additionally change the
common mode of the duty cycle correction amplifier 1n
response to the duty control signal and the complementary
duty control signal.

6. The duty cycle corrector of claim 4, wherein the auxil-
1ary common mode control circuit 1s further configured to be
disabled when the low frequency detector detects that the
iput clock signal frequency is less than the predetermined
frequency.

7. A duty cycle corrector adapted for use within a semicon-
ductor memory device providing a defined column address
strobe (CAS) latency, the duty cycle corrector comprising;:

a duty cycle correction amplifier configured to amplity an
mput clock signal and a complementary mput clock
signal;

a CAS latency determination umt configured to determine
whether the CAS latency 1s greater than or less than a
predetermined value;

a control circuit configured to recerve a duty control signal
and a complementary duty control signal, output the
duty control signal and the complementary duty control
signal when the CAS latency determination unit deter-
mines that the CAS latency 1s greater than the predeter-
mined value, and block the duty control signal and the
complementary duty control signal when the CAS
latency determination unit determines that the CAS
latency 1s less than the predetermined value; and

a common mode control circuit configured to adjust duty
cycles of the mput clock signal and the complementary
iput clock signal by changing a common mode of the
duty cycle correction amplifier in response to the duty
control signal and the complementary duty control sig-
nal.

8. The duty cycle corrector of claim 7, wherein upon deter-
mining that the 11 the CAS latency 1s greater than the prede-
termined value, the common mode control circuit 1s further
configured to adjust the duty cycles of the mput clock signal
and the complementary input clock signal by changing the
common mode of the duty cycle correction amplifier 1n
response to the duty control signal and the complementary
duty control signal.

9. The duty cycle corrector of claim 7, wherein the com-
mon mode control circuit 1s further configured to be disabled
when the CAS latency determination unit determines that the
CAS latency 1s less than the predetermined frequency.

10. The duty cycle corrector of claim 7, wherein the com-
mon mode control circuit comprises:

a main common mode control circuit configured to adjust
the duty cycles of the mnput clock signal and the comple-
mentary input clock signal by changing the common
mode of the duty cycle correction amplifier, wherein the
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duty control signal and the complementary duty control
signal are directly supplied to the main common mode
control circuit; and
an auxiliary common mode control circuit configured to
additionally change the common mode of the duty cycle
correction amplifier 1n response to the duty control sig-
nal and the complementary duty control signal.
11. The duty cycle corrector of claim 10, wherein upon
determining that the CAS latency is greater than the prede-
termined value, the auxiliary common mode control circuit 1s

14

turther configured to additionally change the common mode
of the duty cycle correction amplifier 1n response to the duty
control signal and the complementary duty control signal.
12. The duty cycle corrector of claim 10, wherein the
auxiliary common mode control circuit 1s further configured
to be disabled when the CAS latency determination umit
determines that the CAS latency 1s less than the predeter-

mined frequency.
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